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Assessing the Impact of an Artificial Constructed Wetland on Storm Runoff

Introduction | In this exercise you will use the ABdversions tool to incorporate a constructed
wetland adjacent to the outlet channel.

Goal To familiarize yourself witAGWAto analyzethe impact of a common BMP in an urb
setting within the South Platte River Basin.

Assignment | Use KINEROS2 to assédmsrelative impact of constructed wetlands in an urban
setting.

An Introduction to Wetlands and Urbanization in the South Platte River

Basin

Changes in lardse and land cover are critical in the determination of water availability, quality, and

demand¢ KS O2yaSljdsSyO0Sa 2F KdzYly Y2RAFTAOFIGA2Y 2F GKS
resources, agricultural production, and urbanization may rival those that are anticipated via climate

change (Vitousek 1994, Vorosmarty et al. 2000, Chapin et al. B@B2ies and Eshleman 2004,

Brauman et al. 2007, Whitehead et al. 2009).

Changes in land cover and availability of natural resources will affect the types of ecosystem services
human populations have come to rely on. For example, wetland acreage acrddnitbd States has
decreased by up to 91% in states like California where land conversion to agriculture, indurstrial

urban has occurred since the 18th century; in Colorado the estimated percentage of wetland acreage
lost by 1980 was 50% (Mitsch and &alsk 1993). Wetlands provide many ecosystem services including
erosion control, sediment and pollutant filtering, and flood control (Costanza et al. 1997, Mitsch and
Gosselink 2000). These services are especially important in a hidmnainated watershedvhere high
volumes of runoff carrying sediment and pollutants can contribute to localized water quality
impairments and runoff pulses (Strangeat 1999).

As populations grow, it will be ever more important to restore and maintain the ecosystem sehates
wetlands provide. This may take place in the form of restoration or rehabilitation of existing wetlands or
in the form of constructed wetlands. In order to preserve the functionality of existing wetlands or
replicate that function in a constructed wand, site characteristics and storm water characteristics

need to be taken into account (U.S. EPA 1996). The main goal of constructed wetlands would be to
mitigate the effects of storm watewunoff in developed watersheds.

For the purpose of this tutoriah generic constructed wetland will be created and simulated on a small,
developed watershed within the South Platte River Basin.
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The Study Area
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Figurel. Location Map of the study arefleft) within the South Platte River Basiright).

Thisexerciseexamines the effects aonstructed wetlands on runofii a small watershed within the
South Platte Basin. The watersheshtainsa variety of developed lands, including sports parks, golf
courses, housing developments, and a regiairport.In order to demonstrate the localized effect of
constructed wetlanden the water balancghe small watershed will be modeled using KINEROS
(Figurel).

Getting Started

StartArcMap with a new empty majgave the empty map document agorial _Wetlandsin the
CA\AGWAworkspacétutorial_Wetlands\ directory.If the AGWAToolbaris not visible, wirn it on by
selectingCustomize>Toolbars> AGWA Toolbapon the ArcMap Main Menu baOnce the map
document is opened and saved, set tHeme, Temp, and Default Workspatiesctories by selecting
AGWATools-> Other Options AGWA Preferencesn the AGWAToolbar.

www.tucson.ars.ag.gov/agwa
www.epa.gov/waterresearch/automateejeospatialwatershedassessmenaigwatool-hydrologiemodelingand-watershed



AGWA Tools -
i Home:C\AGWA
1 Temp:CAAGWAtemp\
1 DefaultWorkspace
CAAGWAworkspacatutorial_Wetlands

ot AGWA Preferences

[ESpEE )

AGWA Home Directory™

Default Workspace location

CAGWAY
AGWA Temporary Files Directory™ CMAGWANMemp®.

CAAGWANworkspace'tutorial_Wetla

“Required [ oK

][ Cancel ][ Help ]

The default workspace location will need to be created by clickinb®Make New Folder

button in the window that opens.

structure where you store AGWA outputs.

The Home directory contains all of the Ieog tables, datafiles, models, and docemation required
for AGWA to run. If this is set improperly or you are missing any files, you will be presented wi
warning that lists the missing directories or files that AGWA requires.

The Temp directory is where some temporary files created by AGM be placed. You may want
to routinely delete files and directories in the Temp directory if you need to free up space or arg
interested in identifying the temporary files associated with your next AGWA use.

The Default Workspace directory is whemdideation geodatabases will be stored by default. This
can be a helpful timesaver during the navigation process if you have a deeply nested directory

GIS Data

Before adding data to the map, connections to drived folders where your data is stored must be

Saidlrof AaKSR AT (KSe@

KI 68 y2i

0SSy

I f NBF ReEd ¢ 2

click on theAdd Databutton [+-|below the menu bar at the top of the screen. In the Add Data form
that opensclick theConnect To Folddyutton and select.ocal Disk (C.)

Add Data

=5)

Look in: [ Home - Documents YArcGIS

v]@@La|%vaL;@

B Home - Documents\ArcGIS
[E5 Folder Connections
@Toolboxes

@Database Servers

5l Database Connections
@GIS Servers

[ My Hosted Services
@Tracking Connections

MName: Add

Show of type: [ Layers and Results '] [ Eages

]

www.tucson.ars.ag.gov/agwa

Connect To Folder

S

Choose the folder to which you want to connect:

Bl Desktop
> =l Libraries
> [ Shea Burns
4 M Computer
4 &, Local Disk (C:)
 agwal

» . Basins

Intel

m »

Folder: C:\

Make Mew Folder ] [

oK ] [ Cancel
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Once the folder connection is established, navigate toGh& GWA gisdata tutorial_BMP$ folder and
add the following datasets and layers:

\demfill

.\facg

.\ fdg

.\nlcd2011
.\soilmu_a_aoishp
.\outlet.shp

=A =4 =4 4 -4 4

You will also need to add the following files from thRAGWA datafiles\ folder by again clicking on the
Add Databutton:

T .\lc_lutssmrlc2001 lut.dbf ¢ MRLC lookip table for 2001 and 2006 NLCD land cover
1 .\precip\tutorial_ BMP$ dsgnstrm.dbf¢ Precipitation inputs for KINERDS

To better visualize the different land cover types and associate the pixels with their classification, load a
legend into thenlcd2011dataset.To do thisright click the layer namef the nlcd2011datasetin the

Table of Contentand selecPropertiesfrom the context menu that appearSelect theSymbologytab

from the form that opensln the Showbox on the left side of the form, seledhique Valuesand click

the button on the right.Click the file browser buttomavigate to and select

CA\AGWA datafiles\rendererd nlcd2001lyr andclick onAdd, andclickOKto apply the symbology and
exit thelmport Symbologyform. Click orApply in the Layer Propertie$orm and then orOKto exit this
form.

Layer Properties |
|Gene|a| I Source I Key Metadats I Exent I Displayl Symbology |Fiads I Joing & Relates:
Show: F—
= Draw raster assigning a color to each value & -
foning
Classified
Stretched Value Field Colar Scheme
Discrete Color
[vawe -] I . -
Import Symbol
Symbal  <VALUE> Label Count * R ————— A -
O «all other values:> <all other values>
<Heading> 5 Layer: nled2001 - [g{]
I 11 2247330 |
e 12 681318
[ 21 12242105 (ox [ conce |
I :: 2 2985788
[EE 3 966660
-~ | E3 24 257930
- 21 aavzavz T
‘ * ﬂ [ Add All Values ] [ Add Values... Remave
Default Colors
sbout i Dty eData s+ [T
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Part 1: Modeling Runoff Using KINEROS2

In Part 1you will evaluate the water balance in a small, urban watershed in the South Platte River Basin
using KINEROS2 in AGWAatershed delineation, discretization, and parameterization will be covered,
along with precipitation inputs, model execution, and results visualization.

Step 1: Delineating the watershed
Delineating creates a feature class that represents all the area draining to-apessfied outlet.

1. Perform the watershed delineatidoy seleting AGWATools> Delineation Options> Delineate

Watershed
f o Delineator |. = ih_r
COutput Location Cutlet Idertification

Workspace: 3"-1LrtoriaIs"-iutoriaI_‘."a'etlands"-. UserDefined | Point Theme

Select a watershed outlet from a point
Geodatabase:|d1| feature class.

Input Rasters [outle‘t i ]

[DEM |FD | FA | Stream Network

- 51202385
A Flow Accumulation (FA) raster =

represents the accumulation of runcff for a Y. 438125060
DEM. Click Create if it does not exist.

Snap Radius: 0

’Facg v] ’ Create ]

’ Delineate ” Help H Close

Ready

1.1. Output Locationbox
1.1.1.Workspacetextbox navigate to and select/create
CAAGWAworkspacatutorial_Wetlands
DESCRIPTIORheworkspace specified is the location on your hard drive where the
delineated watershed is stored as a feature class in a geodatabase.
1.1.2. Geodatabaseaextbox enter d1
NOTE:You will be required to change the name of the geodatabase if a geodatabase with
the same name exists in theelectedworkspace.
1.2. Input Rastershox
1.2.1. DEMtab: selectdemfill (do not click Fi)l
1.2.2.FDtab: selectfdg (do not click Creafe
1.2.3.FAtab: selectfacg(do not click Create
1.2.4. StreamNetwork tab: do nothing
1.3. Outlet Identificationbox
1.3.1.Point Themdab
1.3.1.1.0utlets theme selectoutlet.
1.3.1.2.Click theSelect Featurdutton ¥ andclick and drag taraw a rectangle arounthe
point.
1.4. ClickDelineate
1.5. Save the map document and continue to the next step.
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At this point, the watershed is delineated. The workspsiwecified is the location on your hard drive
where the delineated watershed is stored as a feature class in a geodatabase. The discretization created
next will also be stored in the geodatabase.

r ; - o
@ tutorial_Wetlands.md - Arcap - =
File Edit View Bookmarks Insett Selection Geoprocessing Customize Windows Help
ODR2ES L BB x| D | b 13825 W EEEE D e, [ @B, B wam ¥ B,
B MNQ| 2l 4 -0 k@ 2l WA _ | AGWA Tools~ _ - 3D Analyst~ |[@ demfil ~lR 2
RAS Geometry~ RAS Mapping~ ¢ & LIl 3 == <+ £ ApUtilities = Help~ _ | Editor~ -
Snapping~[O[B |0 o _ _ | Drawing~ K O« A -7 (0] Al v v BT UlAYD B e
[ Teble Of Contents 2 x -~ r .
HEE z
g E (3 CAAGWA2\workspace\tutorial_Wetlands\dLmdb =
2 = ®E 3
3 ]
= O E
B B C\AGWAZ\gisdata\tutorial_Wetlands %
=] outlet -
. Eq
= O di_buff g
a B
= 0O soilmu_s_aci o
o 2
EH dsgnstrm e
B £ CAAGWA2\gisdata\tutorial_Wetlands\
= B demfil =
Value E
High : 1934.66 2
Low: 174157
I
! E M facg ]
I Value D?
High : 159752
Low:0
=
5
ES
= b fdg =
m
-2 ]
- g
ms T
5
16 a
m
e =
m1is 4
5
nlcd2011 o
O World_Imagery
l
l L
= =N =T r
512011.253 4381392.724 Meters

Step 2: Discretizing or subdividing the watershed
Discretrzing breaks up the delineated watershed into model specific elements and creates a stream
feature class that drains the elements.

2. Perform the watershed discretization by selectf'@ WATools> Discretization Options > Discretize
Watershed
2.1. Delineation sekctd1\d1
2.2. Model: selectKINEROS
2.3. Stream Definition Methodology select Thresholdbased
2.3.1. Thresholdbased select CSA (acres)
2.3.2. Threshold enter 100.00
2.3.3.PercentTotal Watersheddo nothing (Note: this value will change when we change the
CSA)
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2.4. Internal Pour PointdMethodology: selectDefault

2.5. DiscretizationName enterd1kl

2.6. ClickDiscretize

2.7. Save the map document and continue to the next step.

ot Discretizer

Delineation:

[dnd1

Delineation Info:
Maodel:

[KINEROS

Stream Definition Methodology:

| Threshold based

Threshold-based:

[CSA (acres)

Threshold:
100.00

Percent Tetal Watershed:
353

[ Enforce CSA

Intemal Pour Points Methodology:

[Defaut

Discretization Name:

dik1|

[ Discretize H Help ][ Close ] |
| Ready __

Discretizing breaks up the delineation/watershed into model specific elements and creates a st
feature class that iins the elements. The CSA, or Contributing/Channel Source Area, is a thrg
value which defines first order channel initiation, or the upland area required for channelized flqg
begin. Smaller CSA values result in a more complex watershed, aeid@84 values result in a lesg
complex watershed. The default CSA in AGWA is set to 2.5% of the total watershed area. The
discretization process created a planes layer with the nptares_dlkland a streams map named
streams_d1k1l In AGWAdiscretizatims are referred to with their geodatabase name as a prefix
followed by the discretization name given in the Discretizer form,cd\gd1k1
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Step 3: Parameterizing the watershed elements for KINEROS 2

Parameterizing defines model input parameters based on topographic, land cover, and soils properties.
Model input parameters represent the physical properties of the watershedsa@dsed to write the

model input files.

3. Perform the element, land cover, drsoils parameterization of the watershed by selecfigWA
Tools>Parameterization Options Parameteriz.
3.1. Input box
3.1.1.Discretization selectd1\ d1k1
3.1.2. ParameterizationName enter2011
3.2. Elementsbox
3.2.1. Parameterization selectCreate new parameterization
3.2.2.ClickSelect OptionsTheElement Parameterizefiorm opens.
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r

o-! Parameterizer

Input

d1'dikl

Discretization:

Parameterization Name: 2011

Elements

Parameterization: [Create new parameterization

[soomion ] ©

Land Cover and Seils

Parameterization: [

Help ] [

Close

Ready ...

r

o Element Parameterizer

Discretization  d1%d1k1
Flow Length Options

[Geometric Abstraction

Hydraulic Geometry Options

Defaut

Relationship Name | Default

Channel \Width (m) =|0.0724 x [Areal” [0.3377
Channel Depth (m) =0.0502 x [Area]" [0.1523
Channel Type
Default -
Hydraulic 210
Conductivity
(mm/hr) Impervious Sand
Roughness 0.0350
(n)

- Weedy

Concrete Reaches
Armoring 0.0000
(fraction
covered) 0 1

Channel Description | Default

Continue ] [ Help ] [

Close

]

3.3.

In the Element Parameterizeform

3.3.1.Flow Length OptionsselectGeometric Abstraction
3.3.2.Hydraulic Geometry OptionsselectDefault

3.3.3.Channel TypeselectDefault
3.3.4.ClickContinue You will be returned to thParameterizerform to create the Land Cover
and Soils parameterization.

3.4. Back in thdeand Cover and Soit®x of theParameterizerform
3.4.1. Parameterization selectCreate new parameterization
3.4.2.ClickSelect OptionsTheLand Coveand Soilform opens.
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o-! Parameterizer =

Input

Discretization: d1'dlkl

Parameterization Name: 2011

Elements

Parameterization: [Create new parameterization

[Soirion ] v

Land Cover and Seils

Parameterization: [Create new parameterization

[ Socopims ] @

- Blement parameterization options recorded successfully

Help ] [ Close

Ready ...

3.5. IntheLand Cover and Soifsrm

3.5.1.Land Covetab

3.5.1.1.Land cover gridselectnlcd2011
3.5.1.2.Lookup table: selectmrlc2001_lut

3.5.2.Soilstab

3.5.2.1.S0ils layer selectsoilmu_a_aoi

o= Land Cover and Soils

Discretization  d1d1k1

LandCo\rer| Soils I Disturbance {opticnal}|
Land cover grid: [nlchﬂ‘H ']
Look-up table: [mrchﬂD‘I_ILrt V]
[ Help ] [ Close ]

[E=EE—)

= S |

-
ol Land Cover and Soils

Discretization  d1%d1k1

Land Cover| Sails | Disturbance {optional}|

Soils layer: [soilmu_a_aoi

Soils database: CHAGWAgisdatatutorial_BMPs

Continue ] [ Help ] [ Close

3.5.2.2.So0ils databasenavigate to and select
CA\AGWA gisdata tutorial_ BMP&wss_aoi 2014€7-10_1733-

32 soildb_US 2003.mdb

3.6. ClickContinue You will be returned to th®arameterizerform where theProcesdutton will

now be enabled.

3.7. In theParameterizerform, clickProcess

In the last step, parameterization loalp tables for theoverland flow elements and stream elements
have been created to store the model input parameters representing the physical properties of the

watershed.
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Step 4: Adding a diversion to represent a constructed wetland
4. Add the KINERQSliversion for the outlethannel by selectingGWATools> Parameterization
Options >Add Diversions

o5l Add Diversions l = e
Discretization [‘ﬂ\d“ﬂ ']
Parameterization [2“11 ']
Configuration Name  wetlands1|
Select the channel below the diversion to add

Selected channel Saved channel diversions

14

New diversion

146
Inflow (m3/s) Diversion 1 (m3/s) -
0.3 013
0.4 0.1%

» 0.5 0.25 E
< -
Selected channel diversion properties
Selected channel diversion

Selected diversion configuration

4.1. Discretization selectd1\d1k1

4.2. Parameterization select2011

4.3. Configuration Nameenterwetlandsl

4.4. Click theSelect Featurstool and drag a box around the outlet channel to select it. The
Selected channethouldbe 14.

4.5. In the Inflow and Diversion ratings table, enter the following valMéatning symbols may
appear in cells of the table, buhoe all values are entered propethey will disappear.

Inflow (m3/s) | Diversion 1 (m3/s)
0.0 0.00
0.1 0.01
0.2 0.07
0.3 0.13
0.4 0.19
0.5 0.25

11
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4.6. Click thePropertiesbutton. TheDiversion Propertieform opens.The Adjacent Channel
properties will be automatically populated.

o-l Diversicn Properties l = iz_]
Selected channel New diversion
14 146
Adjacent Channel Diversion

Length (m) 1863292046  Length (m) 3600
‘whdth (m) 1545234382  width (m) 60
Slope 0.009085639  Slope 001

Mannings 0.035 Mannings 150

Ks (mmvhr) 210 Ks (mmvhr) 210

G 1M G m
[ ok ][ Cancal |

b

4.6.1.In the Diversion Propertieform enter the followingDiversionproperties:
4.6.1.1.Length (m) enter 3600
4.6.1.2. Width (m): enter 60
4.6.1.3.Slope enter 0.001
4.6.1.4.Mannings enter 0.150
4.6.1.5 Ks (mm/hr} enter 210
4.6.1.6.G enter101

4.6.2.Click theOKbutton to return to theAdd Diversiongorm.

4.7. Click theSavebutton next toSelected channel diversion propertiebhe channel diversion is
added to theSaved channel diversiorzx.

all Add Diversions = e e
Discretization IdT\d‘Ik‘I v]
Parameterization lZDH v]

Configuration Name  wetlands1

Select the channel below the diversion to add

Selected channel Saved channel diversions
146

New diversion

Inflow (m3/s) Diversion 1 (m3/s)

Selected channel diversion properties

Selected channel diversion

Selected diversion configuration

4.8. Click theSavebutton next toSelected diversion configuratiorThe saved channel diversion is
written to the diversion lookup tables stored in thell delineation geodatabase.
4.9. Click theClosebutton and continue to the next step.
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The added diversion and its properties were selected to represent a constructed wetland. Wetlands may
exhibit added sinuosity and width compared to ttleannel diverted from, a lower slope so that water

does not flow quickly through them, and additional vegetation which will increase the roughness
significantly.

Step 5: Preparing rainfall files
5. Write the KINERQ®recipitation file for the watershed by selectidgsWATools> Precipitation
Options > Write KINEROS Precipitation
5.1. KINEROSrecipitationform
5.1.1. Discretization selectd1/ d1k1
5.1.2.Storm SourceselectDatabase
5.1.3. Database selectdsgnstrm
5.1.4.Location select EPA BMP SouthPlatte
5.1.5.Frequency(years): selectl0
5.1.6.Duration (hours): selectl
5.1.7.Time stepsenter 7
5.1.8. Storm/hyetograph shapeselectSCS Type Il
5.1.9.Initial soil moisture select0.2
5.1.10. Storm LocationselectApply to entire watershed
5.1.11. Filename 10yrlhr
5.1.12. ClickWrite.
5.1.13. AGWA KINEROS Precipitatimmdow: ClickYes

.
! KINEROS Precipitation

Discretization:

[tk

Storm Source:

[Daiabase

Database:

[dsgnstrrn

Location
[EPABMP SouthPlatie

Freguency (years):
Il [10
Duration (hours):
[

Time steps:
-

||
Storm/hystograph shape:
[5Cs Type I

Initial soil moisture:

U

0.14
Storm location:

[Apph' to entire watershed
Filename:

10yrTh]

wiite | [ Help | [ Close |
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Step 6 & 7: Writing KINEROS2 input files
6. Write the KINERQ@Simulation input files for the watershedithout the diversionby selecting
AGWA Tools > Simulation Options > KINEROS Options > Write KINERO8dsiput F

6.1. Basiclnfo tab:
6.1.1.Select the discretizatiorselectd1\ d1k1
6.1.2. Select the parameterizatiorselect2011
6.1.3. Select the precipitation fileselect10yrlhr
6.1.4. Select the diversiondo not select anythingleave blank)
6.1.5. Select the multiplier filedo not select anythingeave blank)
6.1.6.Select a name for the simulatiorenter 2011_10yrlhr
6.1.7.ClickWrite.
7. Repeat Step 6 but this time write the simulation input files for the watershed with the diversion.
SelectAGWA Tools > Simulation Options > KINERPtons > Write KINEROS Input Files

7.1. Select the discretizatiorselectd1\d1k1
7.2. Select the parameterizatiorselect2011
7.3. Select the precipitation fileselect10yrlhr
7.4. Select the diversiorselectwetlandsl
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